The analytical hierarchy process (AHP) is an approach for decision making with complex problems that can be applied in water resources management. This paper reviews the literature on application of AHP in water resource management from 2009-2013 in 46 peer reviewed journal articles, analyzes the strengths and limitations of the technique using SWOT analysis, and then focuses on its utility when integrated with other methods for water resource management in Thailand. The findings indicate that AHP can be utilized for all types of water resource management focused on criteria concerning social, economic and environmental factors. Furthermore, the efficacy of AHP can be enhanced when integrated with other techniques. Application of AHP in Thailand could be combined with the Delphi technique to identify key criteria for resolving bias problems regarding goal and criteria.
Introduction
In Thailand, the importance of water as a vital resource for all aspects of life has always been respected. His Majesty King Bhumibol Adulyadej, in a speech delivered to executives of the Office of the Royal Development Project Board at the Chitralada Villa on March 17, 1986 ,
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Journal homepage : http://www.tci-thaijo.org/index.php/aer advised: "It is important for us to have water to drink and use because if there is water, we can survive. If there's no electricity, we also can survive. But if there is electricity, but no water, we cannot survive." Water resource management is therefore fundamentally important as a basis for economic development in Thailand.
Nevertheless, water management strategies in Thailand have been oriented towards supply side management with an emphasis on construction of irrigation dams and water distribution systems, rather than on demand factors. Because of the multiple objectives of such a complex issue, water resource management should be implemented to cover entire watersheds, from upstream to downstream, and involving the active participation of all stakeholders within the watershed [1] .
Multi-criteria decision analysis (MCDA) is an approach to decision making in the assessment process and can be used in combination for water resource management in order to address multiple objectives and analyze multiple variables in complex situations. This method has been used to identify optimal choices to inform the decision-making process. The conceptual framework for analyzing the characteristics of the problem is also complex, and typically uses a weighted ranking system according to defined situation-specific evaluation criteria [2] [3] [4] [5] [6] . Many MCDA methods are available. The analytical hierarchy process (AHP) was developed by T.L. Satty (1980) and, since, has been applied as a tool for multiple criteria decision-making in several fields, for example, in engineering, economics, industry, medicine and healthcare, social science, environmental management, and water management.
AHP is a decision-making method for prioritizing alternatives based on criteria. This approach comprises three steps. The first step is the construction of a hierarchy by decision makers in order to provide a structure for complex problems involving multiple criteria. The second step comprises priority analysis, whereby decision makers compare each pairwise comparison to obtain a ratio scale of measurement (Table 1) . The third stage provides verification by computing the degree of consistency among the pairwise comparisons [8] [9] .
Table1 Definition and explanation of comparative importance
Intensity of importance Very much more important Experience and judgement very strongly favour one over the other. Its importance is demonstrated in practice 9
Absolutely more important The evidence favouring one over the other is of the highest possible validity 2,4, 6, 8 Intermediate values When compromise is needed Source [7] Normally, the goal is set as the highest level of the hierarchy; the following levels define criteria and sub-criteria, whilst alternatives are placed at the base of the hierarchy. The results of the comparison are placed as compared matrices, and finally decisions are created. Hence, local priorities for criteria, sub-criteria and alternatives were calculated using the principal eigenvector of a comparison matrix, following T.L. Satty (1980) . The analysis was performed by multiplying the criteria-specific priority vector of the alternatives with the corresponding criterion weight, in order to evaluate the results to obtain the final composite alternatives priorities with respect to the goal. The highest value of the priority vector indicates the best-ranked alternative [10] .
The objectives of this paper are 1) review and analyze empirical publications describing applications of the AHP method in water resource management from 2009 to 2013, 2) analyze the strengths and limitations of the AHP technique using SWOT analysis, and 3) focus on the utility of AHP integrated with other methods for water resource management in Thailand.
Method
This paper focused on studies of the application of AHP for water resource management. 46 peer-reviewed publications from 2009-2013 were identified by searching via ScienceDirect, SpringerLink, ProQuest and Emerald Insight. The scope of the topic was related to water re-source management using AHP. The analysis of the AHP application was structured in 4 parts as follows: (1) goal and criteria for water resources applications; (2) characteristics of the AHP process; (3) type of water resources; and (4) integration of other methodological approaches with AHP in water resource management. SWOT analysis was used to analyze these publications in order to explain the methodological strengths and limitations of AHP and assess its utility as an approach to water resource management in Thailand.
Results and discussion
AHP has been widely used to analyze problems in many fields, including business and marketing [11] [12] [13] [14] [15] , computers and industrial engineering [16] [17] , healthcare [18] [19] [20] , and environmental management [21] [22] [23] [24] . This study focused on the specific application of AHP for water resource management.
1) Overview of application of AHP for natural resources management
This part presents a literature review on the application of AHP for natural resources management from 2009 to 2013. The 130 reviewed articles were classified into 4 categories: 1) environmental management, 2) soil resources, 3) water resources, and 4) forest resources. The largest number of articles was found in water resources (Table 2) . From the overview of application of AHP method for natural resources management, water resources had the most solutions using the AHP method. This is because water resources management is characterized by strong competition among different groups of consumptive water uses, and also the presence of diverse interest groups [25] . Multi-criteria assessment models as a tool for conflict management are thus very useful in water resources management. The major strength of multi-criteria methods is their ability to deal with issues marked by various conflicting evaluations [26] . AHP is one of the most popular MCDA techniques and was developed by T.L. Satty (1980) with this purpose in mind. This approach is a decision making method for prioritizing alternatives when multiple criteria must be considered and stakeholders can participate to set the goals, criteria, and alternatives.
2) Analysis of AHP classified by goal and criteria for water resources management
Over the period 2012-2013 AHP has been increasingly adopted as a tool for water resource management and planning ( Figure 1 ). A total of 46 publications were classified by four categories: reference, year of publication, research goal, and criteria (Table 3) .
Overall, the majority of research papers focused on water resource management as their primary goal, with criteria under this goal focused on social, economic and environmental aspects. Since water resources management involves a wide range of stakeholders with multiple objectives, all individuals, groups and communitybased organizations should be engaged and participate fully in decision-making processes. According to Hermans et al. (2006) of the Food and Agriculture Organization of the United Nations (FAO), stakeholders should be supported in making choices and to reach a common understanding on the necessary arrangements for sharing and equitable allocation of water related to goods and services. Evaluating different strategies in water management are therefore implicit in this process. Water evaluation expresses the value of water-related goods and services in order to inform sharing and allocation decisions [27] [28] [29] . This review found that the following researchers focused on criteria concerning social, economic and environmental factors: [10, [29] [30] [31] [32] [33] [34] [35] . 
3) Analysis of characteristics and use of AHP in combination with other techniques for application and types of water resources management
Applications of AHP in water resource management were analyzed by classification into three groups according to the stages of the AHP process, namely: selection, evaluation, and prioritization. The numbers of publications relevant to each process are shown in Figure 2 , which clearly highlights that the evaluation process is the most frequent published application of AHP.
Figure 2 Numbers of publications versus characteristics of AHP process.
Water resource management depends on many factors including eco-environmental, social and economic; the results of the evaluation process demonstrated the complexity inherent in water resource management. Many researchers applied the AHP approach to water resource management because stakeholders can use AHP to evaluate and select strategies to realize their goals at the watershed level [33, 36-37, 44, 53, 55, 65, 69] . Flood risk assessment in particular has been evaluated by many groups including [19, [63] [64] 66] . These groups used AHP to assess flood risk factors, flood risk prediction, hazard, vulnerability and response measures. Moreover, AHP can provide a helpful integrated tool to evaluate groundwater conditions at a basin scale; AHP combined with alternative techniques can be used for groundwater assessment [43, 52, 67, 69] . AHP was also combined with spatial information to facilitate comprehensive and quantitative decisions based on a multi-criteria system. The comprehensive evaluation model of groundwater exploitation and utilization risks has been built, based on analysis of influencing factors, including water abundance, exploitation intensity and well density, and risk factor classification using AHP and GIS. These applications in water resources management using the AHP approach can explain why the evaluation process has the highest number of publications compared with the other two processes.
4) Analysis of publications on AHP application in combination with other methods
This section focuses on research in which AHP was combined with other methodologies to provide integrated methodologies for water resources management assessment. This review found that AHP was most frequently applied in combination with other methods, rather than as a stand-alone tool (Figure 3) .
AHP is an approach that can accommodate both qualitative and quantitative criteria in a multiple-criteria decision making environment; this can allow an assessment bias of the evaluator, resulting in an inconsistent comparison judgment matrix [85] . As AHP developed as a theory of measurement for dealing with quantifiable and intangible criteria that has been applied to numerous areas, such as decision theory and conflict resolution [86] , researchers have proposed its integration with other techniques to improve efficiency and address the evaluation bias problem in AHP.
Figure 3 Application of AHP classified by combination with other methods.
AHP is most frequently paired with GIS [4, 31, 39, 43-44, 50, 54, 61, 67-69] , because GIS is a powerful tool for spatial and statistical analysis and overlaying information layers, essential in planning and managing water resources. AHP is also combined with PROMETHEE (Preference Ranking Organization METHod for Enrichment Evaluations), ANP (Analytic Network Process), Criteria and Indicators (C&I) assessment, social choice, SWOT analysis(Strengths, Weaknesses, Opportunities and Threats), WLC (Weighted Linear Combination), GDM (Group Decision-Making), GRA (Grey Relation Analysis), SD (System Dynamics) and SPA (Set Pair Analysis). These techniques can all complement the AHP approach and enhance its effectiveness in water resources management.
5) Types of water resources management for AHP application
This section focuses on the type of water resources management for AHP applications, as follows: 1) Water resources planning 2) Watershed management 3) Groundwater management 4) Irrigation planning 5) Water quality 6) Flood management and 7) Wetland management In Figure 4 , the frequency of utilizing AHP application in seven categories above is drawn to water resources planning. AHP was used to assess several projects related to water planning strategies for sustainability planning. In addition, AHP can help stakeholders make decisions on a watershed scale, especially in the area of groundwater management, water quality management and flood management.
6) Analysis of AHP by SWOT methodology
This section summarizes the strengths and limitations of AHP as indicated in the cited publications [40, 48, 66, 68, [74] [75] [76] [77] [78] [79] . The SWOT analysis (Table 4 ) presents the strengths, weaknesses, opportunities and threats of AHP.
Figure 4
Types of water resources management classified by AHP application.
Table 4 Summary and classification of the AHP by SWOT analysis

Analysis of AHP by SWOT method Strengths
Weaknesses AHP is an efficient method for decision analysis and can be used to calculate weighting criteria for solving complex problems AHP users almost never use the 7 (very strongly important) or 9 (extreme important) on the scale because they do not perceive them to be significantly different from a score of 5 (essential or strong importance). AHP is designed in a way that represents the human mind and natural structuring of a decision problem.
An arbitrary beginning reference point is required in pairwise comparison that may bias perceptions of a multiple criteria problem. AHP has the capability to rank decisions within the order of their effectiveness in meeting conflicting objectives.
Pairwise comparisons eliminate the longer chains of interdependence which users perceive during an AHP evaluation. The inconsistency measure permits AHP users to remember the seriousness of any inconsistent judgments.
Priority rankings are confined to within stakeholder groups and little assistance is provided for dispute resolution. A systematic approach is provided for identification of stakeholder objectives and preferences.
The subjective nature of preference weightings and the rapid process in eliciting them can result in questionable validity. AHP shows excellent performance in dealing with interdependent criteria and local issues, both quantitative and qualitative.
AHP-based results are not always widely accepted.
AHP is useful as a tool to channel knowledge from as many experts as needed and organize it systematically to obtain a clear and organized solution.
Problems with inconsistencies in preferences between objectives typically arise.
AHP offers the possibility of searching and evaluating causality relationships between goal, factors, sub-factors, and alternatives by deconstructing the problem.
Opportunities Threats The AHP offers flexibility and can be integrated with other methods; the availability of mathematical axiomatic principles and techniques to obtain group preferences and priorities.
AHP users could rely too heavily on their experience and intuitive judgment.
AHP could serve as an appropriate MCDA tool for water resource management planning characterized by conflicting objectives followed by diverse stakeholders groups.
Stakeholder interviews will be long and demanding for both interviewer and interviewee.
Both quantitative and non-quantitative factors can be accommodated within the analysis.
Questionnaire development can be difficult and time consuming. The AHP approach can offer an assessment of the relative importance of criteria for assessment of alternative options.
Lack of agreement exists on how to identify stakeholder groups, and how to select samples or representatives from them. AHP provides a means to combine scientific judgment with personal opinion within the analysis of policy alternatives. Relatively simple pairwise comparison permits elicitation of preferences for objectives by stakeholder groups.
7) Application of AHP method for water resources management in Thailand
In Thailand, researchers have attempted to apply the AHP approach for water resources management and planning at the watershed level, irrigation project level, and provincial level. Kongjun and Vudhivanich (2003) and Opanuruks (2011) were concerned with the watershed level. Kongjun and Vudhivanich (2003) studied multicriteria decision making for multi-reservoir water allocation during a shortage in the upper Mun Basin, Thailand. The purpose of this study was to identify the water shortages and generate water allocation alternatives which take into consideration profitability, equity, and reliability of the multi-reservoir system. Then the alternatives were selected by the analytical hierarchy process (AHP). Opanuruks (2011) used multi-criteria decision analysis model for water allocation in Rayong, KhlongYai basin, Thailand. The analysis comprised 2 parts: (1) analysis of the water resources potential within the area; and (2) the priority process of water allocation alternatives during water shortage periods when the reserved water supply is insufficient to meet demand. The prioritization process for water allocation under water shortage conditions demonstrates the framework of joint operation of the Fuzzy Analytic Hierarchy Process (FAHP), the Delphi technique, and Maximize Agreement Heuristic (MAH). Together these techniques support stakeholder participation to create the water allocation alternatives to increase its social dimension, by using a feedback process. This helped ensure satisfaction and acceptance with application of Delphi technique to compile expert opinions, and comparing to reach consensus on prioritization of water allocation alternatives by using FAHP and MAH to support future decision making. In addition, Suk-Aphinya (2005) studied integrated decision making for water allocation at the Lam Pra Plerng irrigation project using AHP. The project aimed to propose alternative allocations that generated maximum satisfaction and water utilization for all activities. The alternative should also be capable of minimizing water conflicts among users. In this study, economic, social, and engineering criteria were used to evaluate the best solution from eight alternative options. However, Koontanakulvong et al. (2008) studied area-based water resources management system development along with the decision support system and the social process in the Rayong province area. Hence, there is a need to develop tools to help manage water in various forms in order to find suitable countermeasures for the area. The information system, which is an area-based water resource management system, was developed through a social participation process and aims to help achieve better understanding among stakeholders to grasp the problem situations and to guide stakeholders towards mutually agreeable countermeasures.
Conclusions
This paper reviewed the application of the Analytical Hierarchy Process (AHP) for water resource management in 46 peer-reviewed journal articles from 2009 to 2013, as well as research studies in Thailand, focusing on application of the AHP method for water resource management. The objectives of this paper are to (1) review and analyze empirical publications describing applications of AHP in water resource management from 2009 to 2013; (2) analyze the strengths and limitations of the AHP technique using SWOT analysis; and (3) focus on the utility of AHP integrated with other methods for water resource management in Thailand. From the 46 publications, it was found that AHP is one of the best known and most popular used in MCDA, which can be evaluated to all types of water resource management focused on criteria concerning social, economic and environmental factors. Furthermore, AHP has been used in combination with other techniques for solving the evaluation bias problem in AHP. However, considering the constraints for application of AHP, its use in water resource management in Thailand should be combined with the Delphi technique in determining key criteria. This will help minimize researcher bias regarding to goal and criteria. Therefore AHP in combination with other analytical tools and models are recommended, in order to develop a robust method to improve the effectiveness of current water resource management and planning processes in Thailand.
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